Background {#Sec1}
==========

In the past decade, coverages of child health interventions in Peru have greatly improved, and have led to significant reduction in stunting and child mortality. Among the 75 low and middle income countries that contribute to the majority of child deaths in the world, Peru had the second highest annual rate of reduction (6.2 %) in under-five mortality rate, achieving a 58 % reduction in under-five mortality rate between 2000 and 2013 \[[@CR1]\]. Peru is one of the few countries that have achieved the UN Millennium Development Goals (MDGs) 1 and 4, having reduced the number of underweight children by half, and the under-five child mortality by two-third between 1990 and 2015 \[[@CR2]\]. Peru has also made significant progress in reducing socioeconomic and urban--rural inequalities in coverage, mortality, and stunting prevalence. These improvements were credited to a combination of political will, economic growth, improvement in social determinants of health, and sustained implementation of proven high-impact interventions via a pro-poor approach \[[@CR1]\].

Although Peru has made great improvements in public health, remaining challenges include strengthening health sector development to achieve universal health coverage, and addressing the remaining inequalities in wealth distribution, poverty, and access to health services \[[@CR1]\]. Prioritizing scale-up of proven interventions that can save the most lives can further help to reduce mortality. It is also important to understand who are the remaining population segments that need these life-saving interventions for child survival, but are not receiving them.

This paper sets out to use the Lives Saved Tool (LiST) to assess the impact on child mortality when proven health interventions reach every women and child, and the impact of removing coverage inequality such that coverage of health interventions is the same regardless of household wealth or location. If there is no universal and equitable access to these effective interventions, the potential lives saved become 'missed opportunities'.

Methods {#Sec2}
=======

We used the Lives Saved Tool (LiST) to model scenarios to quantify the missed opportunities in Peru. LiST is a modeling software that projects mortality impact from changes in coverage of maternal, neonatal, and child health interventions. Coverage is defined as the proportion of population that received the health intervention they need. LiST is a deterministic model that characterizes the fixed, mathematical relationships between inputs and outputs; the same inputs will produce the same outputs. Further methods and assumptions used in LiST have been previously described \[[@CR3]\]. LiST contains published country-level input estimates such as population size, total fertility rate, mortality rate, disease burden distribution, and intervention coverage that users can use or customize to establish a baseline for modelling. Impacts of interventions are linked to one or more cause-specific deaths based on published evidence of efficacy. Published efficacy values are generated according to rules of the Child Health Epidemiology Reference Group (CHERG) \[[@CR4]\]. When users put in a change of intervention coverage, the model calculates the impact on mortality, and re-project input estimates that were used in the baseline for future years. LiST modeling does not separately compute the effects of distal factors that impact child survival, such as social determinants of health or out-of-health sector changes on mortality and nutrition. Any improvements in these distal factors are assumed to have increased interventions' coverage, which would be reflected in the coverage estimates from large household surveys used as inputs for LiST modeling \[[@CR5]\]. LiST is housed within Spectrum - a suite of several modelling software for decision making in program planning and policy making, and is available for the public to download for free \[[@CR6]\]. More information about LiST can be found on livessavedtool.org. Results shown in this paper were generated using Spectrum version 5.32, downloaded July, 2015 (<http://www.avenirhealth.org/software-spectrum.php>).

Baseline scenario for national Peru and rural Peru are created using the most recent coverage estimates from DHS 2012 \[[@CR7], [@CR8]\], and are described in the Additional file [1](#MOESM1){ref-type="media"}: Tables S1 and S3. Sources for other baseline inputs for national Peru and rural Peru are described in the Additional file [1](#MOESM1){ref-type="media"}: Tables S2 and S4, and Figure S1 and S2 \[[@CR9]--[@CR11]\]. Where published baseline inputs for rural Peru are not readily available, for example disease burden distribution and mortality rates, we used LiST to project that for rural Peru based on coverage difference between national Peru and rural Peru \[[@CR12]\]. We also assumed that the trend of change for population structure and total fertility rate over time of rural Peru will be the same as national Peru.

Three sets of scenarios were built to look at the impact of interventions reaching universal coverage, and the impact of eliminating inequitable distribution of health intervention coverage in Peru, by household wealth and location. Please refer to the additional file for input estimates used.Impact of individual interventions reaching universal coverage in national Peru:In this scenario, we looked at the individual impact of each intervention if it reaches universal coverage, while coverage of all other interventions stay constant at its current coverage until the next year. Taking into account the current disease burden distribution and efficacy of interventions, each intervention is scaled up from its current coverage in 2012 to 90 % in 2013. Ninety percent is chosen as the target universal coverage as it is an aspirational but achievable target, as evidenced by the coverage achieved by DPT3 vaccination in many low and middle income countries \[[@CR13]\]. If current coverage of intervention is at or higher than 90 %, the intervention is not scaled down and not included in this scenario.Impact of removing inequitable distribution of coverage due to household wealthIn this scenario, we looked at the impact if coverage of the national population is scaled up to coverage of the richest quintile in the next year. This scenario is designed to capture the impact if coverages of population in the poorer quintiles are brought up to the level of the richest quintile.Impact of removing inequitable distribution of coverage due to household locationIn this scenario, we looked at the impact if coverage of the rural population is scaled up to coverage of the urban population in the next year.Main outcomes of interest of these three scenarios include lives saved (or additional deaths prevented) and mortality rate reduction for neonates (i.e. children under 1 month) and children under-five. These outcomes are aggregated impact from 2013 to 2017, because vaccines and other interventions that reduce stunting and wasting have impacts over the years as a birth cohort ages out.

Results {#Sec3}
=======

Impact of individual interventions reaching universal coverage in national Peru (Scenario "Universal coverage" in figures):Figure [1](#Fig1){ref-type="fig"} shows the aggregated impact for each intervention for years 2013 to 2017 if their current coverage in 2012 were brought up to universal coverage in 2013. Interventions such as full supportive care for prematurity and labor and delivery management in the Comprehensive Emergency Obstetric Care (CEmOC) level each prevent about 900 deaths. Most of these are neonatal deaths prevented, and each of these interventions prevents more than double the number of deaths prevented for other interventions modelled. Interventions' impacts were also ranked according to the population group it affects. For pregnant women, the most impactful intervention is maternal sepsis case management, preventing 108 maternal deaths. For stillbirths, labor and delivery management in the CEmOC level is the most impactful, preventing 250 stillbirths. For neonates, full supportive care for prematurity prevents 901 neonatal deaths. As for children 1 to 59 months, the missed opportunities are in curative interventions. A universal coverage of therapeutic feeding for children that are severely stunted will prevent 301 child deaths. Please refer to Figures S3--S6 in the Additional file [1](#MOESM1){ref-type="media"} for interventions' impact ranked by population groups.Fig. 1Total deaths prevented by intervention in national Peru, 2012 to 2017 for scenario "Universal coverage"Impact of removing inequitable distribution of coverage due to wealth of household (Scenario "Peru national to richest" in tables)Majority of the interventions' coverage estimates of the richest are higher than that of the poorer quintiles. A decrease in coverage of intervention will result in negative deaths prevented.If coverage of the poorer quintiles were brought up to match coverage of the richest quintile, about 12,000 child deaths will be prevented, resulting in a 22.9 % reduction in child deaths in 2017 relative to 2012. Under-five mortality rate drops from 19.1 to 14.9 (22.0 % reduction) (Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}). Of the children under-five, about 10,900 neonatal deaths will be prevented, resulting in a 41.5 % reduction in neonatal deaths in 2017 relative to 2012. Neonatal mortality rate drops from 9.4 to 5.6 (40.6 % reduction) (Tables [2](#Tab2){ref-type="table"} and [3](#Tab3){ref-type="table"}).Table 1Coverage change, under-five deaths prevented and under-five mortality reductions by intervention for scenario "Peru national to richest"Peru national to richestInterventionCoverage change from national Peru to richest Peru (%)Additional deaths prevented in children under-five by interventionPercent of under-five mortality reduction attributable to intervention (%)Full supportive care for prematurity35.05,80548.5 %Full supportive care for sepsis/pneumonia35.02,50320.9 %Labor and delivery management11.12,50120.9 %Reduction of stunting−11.31,44312.1 %Water connection in the home17.96415.4 %Improved sanitation - Utilization of latrines or toilets37.83943.3 %*H. influenzae b* vaccine4.93753.1 %Neonatal resuscitation13.83613.0 %Reduction of wasting−0.12872.4 %Antibiotics for pPRoM^a^35.02702.3 %Clean birth practices11.11451.2 %Immediate assessment and stimulation11.11050.9 %Clean postnatal practices4.6900.8 %Oral antibiotics for pneumonia1.2850.7 %DPT vaccine4.9760.6 %ORS - oral rehydration solution1.9300.3 %Syphilis detection and treatment23.7150.1 %Vitamin A supplementation−3.5−50.0 %Improved water source13.2−20−0.2 %Hygienic disposal of children's stools−5.4−25−0.2 %Thermal care−21.2−454−3.8 %Injectable antibiotics−21.2−668−5.6 %Promotion of breastfeeding−17.8−1,986−16.6 %Total11,968100^a^ *pPRoM* preterm premature rupture of membranes Table 2Under-five deaths and mortality rates 2012 to 2017 for scenario "Peru national to richest"Peru national to richest201220132014201520162017% reduction 2017 relative to 2012Deaths in children under five years of ageTotal (0--59 months)11,0318,6518,5838,5548,5368,502−22.9  \< 1 month5,4353,2113,2033,1953,1873,178−41.5 1-59 months5,5955,4405,3805,3585,3495,324−4.8Mortality rates summary Neonatal mortality rate (deaths per 1,000 live births)9.45.65.65.65.65.6−40.6 Under five mortality rate (deaths per 1,000 live births)19.115.014.914.914.914.9−22.0 Table 3Coverage change, neonatal deaths prevented and neonatal mortality reduction by intervention for scenario "Peru national to richest"Peru national to richestInterventionCoverage change from national Peru to richest Peru (%)Additional deaths prevented in neonates by interventionPercent of neonatal mortality reduction attributable to intervention (%)Full supportive care for prematurity35.05,80553.0Full supportive care for sepsis/pneumonia35.02,50322.9Labor and delivery management11.12,50122.8Neonatal resuscitation13.83613.3Promotion of breastfeeding−17.82752.5Antibiotics for pPRoM^a^35.02702.5Clean birth practices11.11451.3Immediate assessment and stimulation11.11051.0Clean postnatal practices4.6900.8Syphilis detection and treatment23.7150.1Thermal care−21.2−454−4.1Injectable antibiotics−21.2−668−6.1Total10,948100.0^a^ *pPRoM* preterm premature rupture of membranesImpact of removing inequitable distribution of coverage due to location of household (Scenario "Peru rural to urban" in tables)Majority of the interventions' coverage estimates of the urban population are higher than that of the rural population.If coverage of the rural population were brought up to match coverage of the urban population, about 6,300 child deaths will be prevented, resulting in a 26.2 % reduction in child deaths in 2017 relative to 2012. Under-five mortality rate drops from 22.3 to 15.7 (29.3 % reduction) (Tables [4](#Tab4){ref-type="table"} and [5](#Tab5){ref-type="table"}). Of the children under-five, about 5,000 neonatal deaths will be prevented, resulting in a 42.9 % reduction in neonatal deaths in 2017 relative to 2012. Neonatal mortality rate drops from 11.1 to 6.1 (45.2 % reduction) (Tables [5](#Tab5){ref-type="table"} and [6](#Tab6){ref-type="table"}).Table 4Coverage change, under-five deaths prevented and under-five mortality reduction by intervention for scenario "Peru rural to urban"Peru rural to urbanInterventionCoverage increase from Peru rural to Peru urban (%)Additional deaths prevented in children under-five by interventionPercent of under-five mortality reduction attributable to intervention (%)Full supportive care for prematurity46.22,67642.1Full supportive care for sepsis/pneumonia46.21,33621.0Labor and delivery management23.81,21519.1Reduction of stunting−14.61,00116.6Water connection in the home25.33475.8Neonatal resuscitation29.93325.2Improved sanitation - Utilization of latrines or toilets46.12063.4Antibiotics for pPRoM^a^46.21622.5Clean birth practices23.81472.3Immediate assessment and stimulation23.81001.6Clean postnatal practices9.8931.5ORS - oral rehydration solution12.0771.3Reduction of wasting−0.17601.0Oral antibiotics for pneumonia2.0430.7*H. influenzae* b vaccine0.8240.4DPT vaccine1.4100.2Syphilis detection and treatment23.350.1Hygienic disposal of children's stools2.150.1Vitamin A supplementation−5.9−5−0.1Improved water source21.5−9−0.1Thermal care−16.3−157−2.5Injectable antibiotics−16.3−259−4.1Promotion of breastfeeding−18.4−1,108−17.7Total6,301100.0^a^ *pPRoM* preterm premature rupture of membranes Table 5Under-five deaths and mortality rates 2012 to 2017 for scenario "Peru rural to urban"Peru rural to urban201220132014201520162017% reduction 2017 relative to 2012Deaths in children under-five years of age Total (0--59 months)4,2512,5943,0623,0883,1163,138−26.2  \< 1 month2,1451,1851,1931,2041,2141,224−42.9 1--59 months2,1061,4091,8691,8841,9011,914−9.1Mortality rates summary Neonatal mortality rate (deaths per 1,000 live births)11.16.16.16.16.16.1−45.2 Under-five mortality rate (deaths per 1,000 live births)22.315.815.815.815.815.7−29.3 Table 6Coverage change, neonatal deaths prevented and neonatal mortality reduction by intervention for scenario "Peru rural to urban"Peru rural to urbanInterventionCoverage Increase from Peru rural to Peru urban (%)Additional deaths prevented in neonates by interventionPercent of neonatal mortality reduction attributable to intervention (%)Full supportive care for prematurity46.22,676116.8Full supportive care for sepsis/pneumonia46.21,33658.3Labor and delivery management23.81,21553.0Neonatal resuscitation29.933214.5Antibiotics for pPRoM^a^46.21627.1Clean birth practices23.81476.4Immediate assessment and stimulation23.81004.4Clean postnatal practices9.8934.1Syphilis detection and treatment23.350.2Thermal care−16.3−157−6.9Injectable antibiotics−16.3−259−11.3Promotion of breastfeeding−18.4−683−29.8Total4,967100.0^a^ *pPRoM* preterm premature rupture of membranes

Discussion {#Sec4}
==========

Results of our study quantified the missed opportunities of child survival in Peru if effective interventions don't reach every mother and child, and if coverage inequality due to household income and location were not addressed. Although currently Peru ranks second among the 75 low and middle income Countdown to 2015 countries in reducing neonatal deaths \[[@CR14]\], our analyses showed that further reduction of neonatal deaths is possible through facility-based interventions for small and sick babies, and other facility-based interventions during child birth, among other proven interventions to improve child health.

In the first scenario, interventions with low baseline coverage that are highly effective against high burden diseases would emerge as the missed opportunities in Peru if there is near universal health coverage. Although this scenario did not take into account the feasibility of scale-up of each intervention to cover 90 % of those that needs it, it showed the relative impact of each intervention. Access to full supportive care for prematurity and sepsis/pneumonia, and access to BEmOC and CEmOC level labor and delivery management ranked as the top most impactful interventions. These interventions are health facility-based and are very effective at averting neonatal, maternal deaths and stillbirths \[[@CR15]--[@CR19]\]. Many factors affect priority setting in countries, such as funding availability or societal preferences. Results from this scenario can make a compelling case of using numbers of lives saved as the normative factor to prioritize scale-up of evidence-based, effective health interventions. Policy makers can use the ranking of interventions by lives saved to inform intervention prioritization discussions.

The second and third scenario explored the coverage difference between sub-populations, and the impact if these coverage differences are eliminated. As seen in Tables [1](#Tab1){ref-type="table"}, [3](#Tab3){ref-type="table"}, [4](#Tab4){ref-type="table"} and [6](#Tab6){ref-type="table"}, coverage estimates between the national and richest population, and between populations in the urban and rural area can differ up to 50 %. The interventions that differ most in their coverage, full supportive care for prematurity and sepsis/pneumonia, are interventions that needed to be delivered in health facilities of CEmOC or BEmOC level. Full supportive care for prematurity include treatment with continuous positive airway pressure (CPAP) and surfactant for preterm babies in health facilities, and other secondary level care including kangaroo mother care and thermal care \[[@CR15], [@CR16], [@CR20]\]. Full supportive care for sepsis/pneumonia is also facility-based and include oxygen, IV fluids, IV antibiotics, blood transfusion, phototherapy, etc. as needed, and other secondary level care such as oral and injectable antibiotics \[[@CR16]\]. These interventions are very effective against neonatal sepsis, pneumonia, and prematurity, which account for 26 % of the under-5 disease burden (Additional file [1](#MOESM1){ref-type="media"}: Figure S1). Neonatal deaths account for half of under-5 deaths in the country, and access to full supportive care at the level of the richest or the urban population can prevent close to 80 % of all under-5 deaths prevented.

Not all interventions coverages are lower in the disadvantaged population. Of interest, breastfeeding prevalence is lower in the richest quintile compared to the national average, and is also lower in urban areas compared to rural areas in Peru. This was also observed in other low and middle income countries, and is concerning as some fear that those that are poor or living in rural areas will follow behaviors of their richer, urban counterparts, and discontinue breastfeeding practices for breast milk substitutes as their income grow \[[@CR21]\].

Peru has to continue to address the remaining inequalities in household wealth distribution, poverty, and access to health services, especially in the Amazon and the Andean rural areas \[[@CR1]\]. According to our analyses, focusing on eliminating inequalities can reduce Peru's neonatal mortality rate by 40 % (Table [2](#Tab2){ref-type="table"}). This is almost comparable to the 51 % of neonatal mortality reduction Peru has achieved between 2000 to 2013 \[[@CR1]\]. In this period, Peru has achieved remarkable success in sustained economic growth, in reduction of poverty and in scaling up anti-poverty interventions such as the conditional cash transfer program JUNTOS. Coverage of health interventions among the poor in particular went up as cash transfer is conditional on utilization of maternal and child health services \[[@CR1], [@CR22], [@CR23]\]. The introduction of new vaccines in Peru is another example of the adoption of a pro-poor approach to ensure a more equitable distribution of coverage among socioeconomic groups. Introduction of the *Haemohylus influenzae* type B (Hib), pneumococcal and rotavirus vaccines were first offered to the poorest segment of Peru, and once a high coverage has been achieved by the poorest areas, then the vaccines were introduced to the rest of the country \[[@CR24], [@CR25]\]. Due to the pro-poor approach, coverage difference of Hib vaccine between the poor and the rich, and in rural and urban area is at 4.9 and 0.8 % respectively, which is low compared to other interventions (Tables [1](#Tab1){ref-type="table"} and [4](#Tab4){ref-type="table"}). Policy makers should consider applying this pro-poor approach to ensure the poor and rural population have access to high quality, facility-based care to further reduce neonatal deaths.

Health system strengthening has been recognized as another key to continue improving child health in Peru. In order to further reduce neonatal mortality by focusing on facility-based interventions as suggested by the three scenarios, availability and readiness of health systems building blocks such as human resources and health facilities need to be addressed. Key health system strengthening components to reduce neonatal mortality include improving the skills of existing health workers to provide quality care at birth and for premature and ill newborn, and increasing the health workforce especially in poor and rural areas with incentives \[[@CR26]\]. According to the General Directorate of Public Budget of the Ministry of Economics and Finance of Peru, there has been increasing provision of hospitals, such as neonatal and pediatric intensive care units \[[@CR27]\], and increased incentives to attract and retain qualified health professionals to work in rural areas \[[@CR28]--[@CR30]\]. These initiatives will help Peru reduce coverage disparities and further improve child survival among those that are poor and in areas that are hard to reach.

Neonatal causes of death (48 %) is the largest contributor to under-five mortality burden in Peru (Additional file [1](#MOESM1){ref-type="media"}: Figure S1), however, one cannot ignore the second largest contributor, other causes of death (28 %). These include deaths due to childhood cancers, congenital abnormalities, and from preterm birth complications, but after 28 days. Due to a lack of interventions with published efficacy on reducing these deaths from other causes, there are no interventions in LiST to model to reduce these deaths. This proportion of the disease burden will only get bigger as Peru goes through the epidemiologic transition, reducing its burden of infectious diseases while increasing its burden on non-infectious diseases. Further research is needed to further classify these other causes of death, and to identify effective interventions in reducing these causes of death. These results align with the identified remaining challenge of Peru's health system to handle more complex causes of maternal, newborn and child deaths, by better managing pregnancy complications and providing neonatal intensive care \[[@CR1]\].

Compared to fellow countries that have achieved substantial progress to improve child health, such as Bangladesh, Malawi, Niger, and Tanzania, similar to Peru, existing efforts to ensure equitable coverage of proven preventive, treatment, and nutritional interventions have been credited as one of the common factors that contributed to the progress made thus far on child survival \[[@CR31]--[@CR34]\]. Compared to these countries, one of the reasons why Peru was able to achieve a lower mortality rate might be due to the fact that the average rate of coverage increases among the poor and in rural areas were actually higher than that of the national average \[[@CR1]\]. Common remaining challenges for these health systems include further reducing neonatal mortality through closing the gaps in coverage, intentionally targeting interventions to women and newborns in rural areas, and a new focus to provide high-impact packages of intensive newborn care to all small and sick babies \[[@CR31]--[@CR34]\].

There are limitations to the strength of outputs from these scenarios. Modelling mortality impact relies heavily on availability of data that are measured and reported correctly. Validity of results from the scenarios were also dependent on coverage data availability disaggregated by wealth quintiles and by urban--rural residence. Only coverage of key interventions that were measured and reported in the DHS (listed in Additional file [1](#MOESM1){ref-type="media"}: Tables S1 and S3) were available for modelling. Assumptions had to be made for coverage of other interventions that had published evidence in preventing deaths. For example, coverage of interventions delivered during childbirth such as access to BEmOC and CEmOC level labor and delivery management are not typically measured and reported. Coverage of skilled birth attendance and health facility delivery, which are typically measured and reported, were hence used as coverage proxies for those interventions. Nutritional interventions that cut mortality through reducing stunting and wasting, such as zinc supplementation and therapeutic feeding, are also not typically measured and reported in surveys. We used the change in stunting and wasting distributions between sub-populations, which are reported in surveys, to project its impact on reducing mortality.

Quality of the health interventions received directly impact the effectiveness of the intervention in preventing deaths. Coverage estimates published in large household surveys capture the use of and need for health interventions, and assume that the health interventions received were delivered under optimal quality. However, as interventions are unlikely to be delivered under optimal conditions, the effective coverage, one that also takes into account the quality component of the health intervention received, will likely be lower than coverage estimates currently obtained from large household surveys \[[@CR35]\]. As a result, if the lower effective coverages were used in our analyses, one would expect to see even larger numbers of additional deaths prevented due to near universal health coverage.

There are many positive impacts stemming from health interventions reaching every mother and every child in an equitable fashion. We have only quantified the mortality impacts, however, there are other impacts associated with increasing coverage of these interventions, such as reduced risks for mortality, decreased incidence of diseases, impacts on children beyond age five, and also impacts beyond improving health. Further studies can be done to quantify these impacts beyond mortality reduction to provide a comprehensive profile of the significance of investing in health of women and children. Although our study quantified the missed opportunities of child survival in Peru, decision makers must re-examine the identified factors that have led to Peru's success in reducing neonatal and child mortality in the past decade, and build on these knowledges to pave the way forward for universal and equitable coverage of these effective interventions.

Conclusions {#Sec5}
===========

Building on the momentum of success that Peru has achieved in the past decade with child mortality reduction, results from our analyses show that more work can be and has to be done to reduce mortality, particularly neonatal mortality. The bulk of the missed opportunities in Peru lie in neonatal prematurity and sepsis deaths, and can be mitigated through scaling up effective health facility-based case management for all small and sick newborns, and through eliminating coverage gaps due to household wealth and location. Next steps will involve identifying pockets of population that are poor and reside in rural areas, understanding factors that contribute to their low utilization of facility-based interventions, and directing resources for intervention scale-up. Evidence from this study should inform further efforts and direction to improve neonatal and child health in Peru, and contribute to reduce preventable newborn and child health to attain the Sustainable Development Goals (SDGs) by 2030.
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